Water polo places significant stress on the hip joint requiring repetitive hip flexion and rotation to elevate the body out of water for passing, shooting and blocking. Femoroacetabular impingement (FAI) is common in water polo athletes; however, no study to date has investigated the results of hip arthroscopy in this patient population. The purpose of this study was to determine return to play rates and satisfaction following hip arthroscopy for FAI in a cohort of elite level water polo players. A retrospective review of our surgical database was performed. Collegiate water polo players with clinical and radiographic FAI who underwent hip arthroscopy were identified. Pre-and post-operative modified Harris hip scores (mHHSs) were obtained. Patient surveys were administered to determine return to play rates, level of return to play, timing of return and patient satisfaction. A Wilcoxon ranked sum test was performed to compare pre-and post-operative outcome scores. Ten patients met inclusion criteria. Average age was 19.5 years old (SD 61.08). All patients were male Division 1 collegiate water polo players. Median mHHS improved from 66.0 (SD 67.9) pre-operatively to 89.5 (SD 63.2) at average 1.6 years (range: 0.4-3.6 years) post-operatively. Patient survey responses demonstrated a 100% return to water polo and 100% return to the same level of play (NCAA Division 1) at mean 5.75 months (SD 61.8). All patients (10/10) reported being satisfied with their surgical result. Our study results, suggest that return to sport rates and patient satisfaction are high in water polo players who undergo hip arthroscopy for FAI.
INTRODUCTION
Femoroacetabular impingement (FAI) is an increasingly recognized clinical entity that can be a source of hip/groin pain in the young individual. Shown to be more prevalent in athletic populations [1, 2] , FAI can be a significant source of hip dysfunction and disability which may affect an athlete's ability to participate in sporting activities. Arthroscopic management of FAI has grown markedly over the past two decades [3] with advances in arthroscopic techniques, better understanding of underlying pathology, and increased clinical recognition by both surgeons and patients. Numerous studies have demonstrated improvements in pain and dysfunction after arthroscopic management of FAI with durable, good to excellent results.
For the young athletic patient, in addition to symptomatic improvement, prognosis regarding ability to return to sport following surgery is also an important consideration. Specifically following hip arthroscopy for FAI, high rates of return to sport have been demonstrated across a wide variety of sporting activities, including ice hockey, baseball, football, high intensity interval training, yoga, Pilates and running [4] [5] [6] [7] [8] [9] [10] [11] [12] . The data produced by these types of study is paramount in the surgical decision-making process for both the athletes and surgeons.
Water polo is a sport which places unique demands on the hip joint. Despite being an aquatic endeavor not subjecting the body to the same ground reactive forces as land-based sports, the various swimming motions utilized V C The Author(s) 2020. Published by Oxford University Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/bync/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com during water polo play subject the hip to a variety of flexion and rotational forces. In particular, the eggbeater kick-an important technical skill for the water polo player-places high demands on the hip; requiring rapid repetitive hip rotation and flexion to achieve sufficient propulsion and elevate the player's upper body out of the water. The literature is markedly limited with regards to FAI pathology in the water polo athlete. Frank et al. recently reported on the results of arthroscopic FAI management in a cohort of recreational and amateur swimmers. In this study, the authors demonstrated improvements in patient reported outcomes and a 100% return to play rate at average 3.4 months following surgery [13] . While the aquatic environment and some swimming motions may translate to the water polo population, competitive water polo play places a unique stress on the hip joint and the results of hip arthroscopy in the recreational swimmer may not be generalizable to the elite water polo athlete. The purpose of this study is to characterize patients' ability to return to elite level water polo play and satisfaction following hip arthroscopic management of FAI. Despite the demands of the sport, we hypothesized there would be a high rate of return to the same level of play in this cohort.
MATERIALS AND METHODS
Institutional review board approval was obtained for this study. A query of the surgical repository of the two senior authors was performed to identify patients who selfreported playing water polo at the collegiate level and had undergone hip arthroscopic management of FAI. Inclusion criteria for this study included those patients who selfreported participation in competitive water polo, had a clinical presentation consistent with FAI (impingement on physical exam and radiographic evidence of cam/pincer bony morphology and or labral pathology), and subsequently underwent surgical treatment of this pathology (acetabuloplasty, femoroplasty and labral repair and/or debridement as indicated). In addition, patients were required to have at least 1 year of NCAA eligibility remaining at the time of surgery. Exclusion criteria included those patients with advanced osteoarthritis (<2 mm joint space on plain radiographs), hip dysplasia (anterior and/or lateral center edge angles <20 degrees and/or Tonnis angle >15 degrees) or diagnoses other than FAI (Legg Calve Perthes, femoral head avascular necrosis, septic arthritis or post-traumatic deformity). Patients who underwent endoscopic treatment of isolated peripheral compartment pathology (i.e. trochanteric bursitis or gluteus medius tears/ tendinopathy) or deep gluteal space pathology (piriformis syndrome, proximal hamstring tears/tendinopathy) were also excluded from analysis.
Imaging characterization AP and Dunn lateral plain radiographs were obtained in all patients pre-operatively. Radiographic measurements were recorded for all patients prior to surgery including alpha angle on Dunn lateral films and the lateral center edge angle on AP films. Joint space measurements were recorded on all views to characterize the degree of existing hip arthritis. MRIs were obtained on all patients to evaluate for labral tearing, cartilage lesion or other intra or extra-articular pathology.
Operative technique
All surgeries were performed in the supine position using modern hip arthroscopy techniques. In two patients, surgery was performed using a standard traction table. In the remaining eight patients, a post-less table was utilized with reverse trendelenburg positioning. After diagnostic arthroscopy of the central compartment, acetabuloplasty and labral refixation was performed as indicated. Peripheral compartment work was performed either through an interportal or a T-capsulotomy per surgeon preference. Femoroplasty was done with fluoroscopic assistance and a dynamic exam was performed to identify any residual impingement. Full capsular closure was performed in all patients using a previously described technique [14] .
Rehabilitation
All patients underwent a four-phase rehabilitation protocol summarized in Fig. 1 . For the first 3-week weight bearing restrictions (Foot Flat Weightbearing with Crutches) and a hip ROM brace were utilized. Immediate motion was encouraged with CPM use and low resistance stationary bike to prevent adhesions. Patients are progressed through the phases based on pain, neuromuscular control, strength, as well as time. Water polo players are allowed back in the pool at 6 weeks using a pool buoy. Freestyle swimming was initiated at 2 months. Eggbeater movements were not allowed until month 3. Return to full water polo activities was permitted at 4 months provided players demonstrated full strength and had painless ROM.
Clinical outcomes: patient satisfaction and return to sport Baseline modified Harris hip scores (mHHSs) are routinely obtained on all patients undergoing hip arthroscopy at our institution and were recorded for the cohort. Patients were contacted via telephone survey to determine satisfaction with surgery. Binary responses (yes or no) were utilized for ease of data collection, ability to return to water polo, the level of return, as well as timing of return. Return to play was defined as being back in the pool and able to compete in all water polo activities without limitations from the operative hip. Post-operative mHHS was also obtained with this survey.
The Minimal Clinically Important Difference (MCID) has increasingly been utilized in surgical outcome studies to help delineate between statistical and clinical significance. Defined as the smallest difference in outcome scores that patients perceive as beneficial, the MCID for mHHS has previously been reported for patients undergoing hip arthroscopy as an improvement of eight points by Kemp et al. [15] . The percentage of patients who met the MCID improvement threshold was recorded. Complications and reoperations were noted for all patients. Failure was defined as persistent pain, revision hip arthroscopy or conversion to total hip arthroplasty by most recent follow up.
Statistical analysis
Patient data were analyzed using Microsoft Excel (version 16.23). Demographic data and patient satisfaction for the cohort were reported with descriptive statistics as means and standard deviations or percentages. Return to water polo variables were presented as continuous data for timing of return. As our pre-op baseline and post-operative mHHSs were not normally distributed, median comparison between groups was performed using the Wilcoxon signed rank test. Significance was set at P-value <0.05.
RESULTS

Demographic characteristics
Review of cases in the surgical registry identified 10 patients who participated in elite level water polo competition prior to hip arthroscopy. No patients were removed from analysis based on pre-formulated exclusion criteria. All patients were male athletes who participated at the NCAA Division I Level. Demographic data is listed in Table I . Average symptom duration prior to surgery was 13.5 months (SD 621.5). All patients had previously failed a 6-week trial of conservative management prior to undergoing surgery. Three out of the 10 players had undergone staged bilateral hip arthroscopy. Return to play characterization was determined after the second surgery in these cases.
Imaging characterization
The average alpha angle for the surgical hip was 73.7 (SD 66.1) and the average LCEA was 29.6 (SD 62.4) indicating a large cam deformity amongst the cohort. No patient was found to have joint space <2.5 mm on any view. All patients had evidence of labral tearing on MRI.
Intraoperative data
Procedures performed during hip arthroscopy included acetabuloplasty, labral refixation, femoroplasty and capsular closure (Table II) . All patients underwent labral refixation, femoroplasty and capsular closure. Light rim trimming was performed to facilitate labral healing, no patients underwent significant pincer deformity correction. No intraoperative complications were noted.
Clinical outcomes: patient satisfaction and return to sport High rates of patient satisfaction were demonstrated in the survey results with 100% of patients reporting satisfaction with their surgical outcome. Of the patients included, 10/ 10 were able to return to water polo; 100% were able to return to the same collegiate level as prior to surgical intervention. The mean time for return to sport was 5.75 months (SD 61.84, range: 4-9 months). Individual improvements in mHHS are listed in Table III . Comparison of baseline and post-op mHHS using the Wilcoxon signed rank test demonstrated a statistically significant difference at average 1.6 years post-operatively [pre-op mHHS: median 66.0 (SD 67.9) versus post-op mHHS: median 89.5 (SD 63.2), Critical Value: 8, test statistic: 0, P ¼ 0.05] (Fig. 2) . All patients in our study met the MCID threshold (Table III ). There were no clinical failures during the follow up period.
DISCUSSION
Our study results demonstrate that there is a high rate of return to elite level water polo following arthroscopic management of FAI with 100% of our cohort returning to the same level of play. In addition, our survey results indicate Elite level water polo players with FAI 3 high rates of patient satisfaction with the procedure. This data provides valuable information for athletes with this condition, coachers, trainers and treating orthopedic surgeons, allowing for appropriate counseling and management of patient expectations with goals of maximizing patient outcome.
Return to play rates following hip arthroscopy for FAI across a myriad of different sporting activities are generally high with upwards of 80-100% of patients being able to return to their previous level of play. The results of our study are consistent with these published results and further confirm that arthroscopic management of FAI can reliably return athletes to the same level of prior athletic endeavors.
A variety of lower extremity movements are required for the various swimming motions utilized during water polo play. Repetitive flexion moments during freestyle and butterfly stroke and rapid rotational moments during the breaststroke and eggbeater kick place the water polo hip at risk for impingement. Despite these rigors, a high rate of return to play was found in the athletes in our study. Furthermore, the return to play timing in our study [5. 75 months (range: 4-9 months)] was quicker than recent reports in land-based athletes (range: 6.7-7.4 months) [16] [17] [18] [19] . It is plausible that the aquatic environment of play for water polo athletes may contribute to this high rate of return-the buoyant force of water counteracts gravitational force leading to a reduction in apparent body weight and overall joint forces about the hip [20] . This is supported by the findings of Frank et al. [13] which demonstrated a 100% return to sport rate in recreational and amateur swimmers following arthroscopic management of FAI-the lessened joint impact/loading of the hip in aquatic environment may facilitate a return to previous level of sporting play following surgery. The return to play timing in our study was longer than that reported in the swimming cohort of Frank et al.
[5.75 months (SD 61.8) versus 3.4 months (SD 61.7)] and this may reflect the increased demands and stresses on the hip in competitive water polo play.
Limitations There are several limitations to our study. The retrospective design inherently assumes selection bias; however, continuous patients who met inclusion criteria during the study period were included for analysis to minimize this risk. The use of survey data also risks recall bias and this should be considered when interpreting our results. While our sample size is small, given the specificity of the elite level water polo athlete cohort in question, we feel reporting results in this limited cohort provides valuable prognostic information regarding return to play and patient satisfaction which can help manage patient expectation and optimize overall outcome following surgery. No control group (i.e. water polo players with FAI managed non-operatively) was utilized in this study, which would have strengthened the result-similarly, the specificity of the patient population in question precluded our ability to perform this type of comparison. Our follow up duration for this study was relatively short-(mean 1.6 years, range: 0.4-3.6 years) and longer-term outcomes would indeed be valuable. However; we feel reporting our results in light of short follow up was justified in that it did allow for capture of a main desired outcome metric: time to return to sport. Lastly, while we were able to determine that all patients were able to successfully return to the same level of play; we were unable to characterize their performance following return. While water polo-specific performance metrics have been evaluated [21] , their utilization is not routine at the collegiate level and this data was not available for analysis. In addition, the mHHS may not be the most suitable outcome tool for the athletic FAI population as it was designed to evaluate treatment response in patients with arthritic disease [22] . Despite these shortcomings, the mHHS remains a commonly reported metric in hip arthroscopy outcome studies in athletic patients [23] [24] [25] . The mHHS was utilized in this study as it is routinely captured at our institution with patient intake and was readily available for analysis in our cohort.
CONCLUSIONS
Return to play rates and patient satisfaction were found to be high (100%) in this cohort of elite water polo players undergoing hip arthroscopy for FAI. Larger, prospective studies with further objective return to sport metrics would be valuable in corroborating these results; however, these findings can help guide initial management for both water polo players with symptomatic FAI as well as the treating orthopedic surgeon.
